Background: Secondhand tobacco smoke (SHS) is associated with increased risk of respiratory illness, cancer, and cardiovascular disease. Prior to smoking bans on airlines in the late 1980s, flight attendants were exposed to a significant amount of SHS. In the present study, we examine associations between flight attendant SHS exposure and development of respiratory illnesses and cardiovascular disease. Methods: Between December 2006 and October 2010, three hundred sixty-two flight attendants completed an online questionnaire with information regarding experience as a flight attendant, medical history, smoking history, and SHS exposure. Rates of illnesses in flight attendants were compared with an age and smoking history matched population sample from NHANES [2005][2006]. Logistic regression analysis was used to examine the association of reported medical conditions and pre-ban years of exposure. Results: Compared with the sample from NHANES 2005-2006, flight attendants had increased prevalence of chronic bronchitis (11.7% vs. 7.2%, p < 0.05), emphysema/COPD (3.2% vs. 0.9%, p < 0.03), and sinus problems (31.5% vs. 20.9%, p < 0.002), despite a lower prevalence of medical illnesses including high blood pressure, diabetes, high cholesterol, heart failure, cancer, and thyroid disease. Amongst flight attendants who reported never smoking over their lifetimes, there was not a significant association between years of service as a flight attendant in the pre-smoking ban era and illnesses. However, in this same group, there was a significantly increased risk of daily symptoms (vs. no symptoms) of nasal congestion, throat, or eye irritation per 10-year increase of years of service as a flight attendant prior to the smoking ban (OR 2.14, 95% CI 1.41 -3.24). Conclusions: Flight attendants experience increased rates of respiratory illnesses compared to a population sample. The frequency of symptoms of nasal congestion, throat or eye irritation is associated with occupational SHS exposure in the pre-smoking ban era.
Background
Secondhand tobacco smoke (SHS) is associated with increased risk of respiratory illness, cancer, and cardiovascular disease [1] . Importantly, SHS exposure is associated with increased risk of death due to cardiovascular disease of approximately 30% [1] [2] [3] [4] and increased risk of lung cancer of 20-30% [1] . Occupational exposure to SHS is common [5, 6] and the level of exposure may even exceed exposure related to home-based SHS [5] . Numerous public health measures have been instituted to limit occupational and public exposure to SHS. Evidence regarding adverse consequences of occupational exposure to SHS continues to be collected.
One population with a history of occupational SHS exposure is flight attendants. Beginning in 1988, smoking bans on flights originating from the United States (US) were gradually introduced [7] . On October 31, 1989 , the US Congress voted to ban smoking on all domestic flights, and this ban went into effect on February 25 th 1990. Smoking was banned on international flights to and from the US in 1996. Prior to the institution of these smoking bans, it was estimated that flight attendants were exposed to approximately six times the SHS of ground-based workers and fourteen times the SHS of a typical person [8] .
Flight attendants reported increased physical symptoms (ocular and nasal irritation, respiratory symptoms) associated with the cabin environment [9] . However, in pre-smoking ban studies, it was not consistently clear whether these symptoms were related to the overall cabin environment or due to the effects of SHS [10] . Some individual studies suggested that symptoms of eye and nose irritation were associated with in-flight smoke exposure [11, 12] . While these investigations focused on short-term symptoms related to SHS exposure in the air cabin, there are suggestions that cabin SHS exposure also has long-term effects. It has been reported that increased number of hours in a smoky cabin was associated with increased sinusitis, middle ear infections, and asthma over the lifetime of flight attendants [13] . Never-smoking flight attendants working prior to the smoking ban have been shown to have airway obstruction and impaired diffusing capacity on pulmonary function testing [14] . In addition, amongst flight attendants, the highest levels of secondhand smoke exposure were associated with increased rates of hypertension [15] .
While the existing evidence suggests a relationship between flight attendant SHS exposure and development of illness, debate persists, in part due to efforts by the tobacco industry to diminish the perception of negative effects of SHS [16, 17] . In the present study, we seek to evaluate associations between flight attendant secondhand smoke exposure and lifetime development of respiratory symptoms, respiratory illnesses, and cardiovascular disease.
Methods
Between December 2006 and October 2010, 362 flight attendants were recruited via newsletters, brochures, newspaper, and internet advertisements to complete a questionnaire online (http://www.imenet.net/UCSFQuest/) or at a visit to the Flight Attendant Medical Research Institute (FAMRI) clinic at the University of California, San Francisco. Even if the flight attendants were unable to visit the FAMRI clinic, flight attendants who flew while smoking was permitted in air cabins were invited to fill out the questionnaire to study risk for diseases related to occupational secondhand smoke exposure. Questionnaire items included demographics, flight attendant occupational history, medical history, symptoms of illness, smoking history, and SHS exposure. The study was approved by the University of California, San Francisco Institutional Review Board.
Questionnaire
Flight attendant occupational history included dates worked as a full-time and/or part-time flight attendant, cabin sections worked, and domestic/international routes. Other occupational history was also queried. Medical history was assessed by asking the respondent "Has a doctor ever diagnosed any of the following medical problems?" to a list of common cardiovascular conditions, respiratory illnesses, and cancer with response for year first diagnosed, and year of most recent worsening or event. Chest pain was assessed with the question "Do you ever experience chest pain or discomfort with exertion?" and shortness of breath was assessed with "Do you ever experience shortness of breath?" Symptoms of cough and upper respiratory symptoms were assessed by frequency of symptoms without reference to date of onset of symptoms. Personal smoking history was defined as at least 1 cigarette per day and a total of 100 cigarettes in the respondent's lifetime and further evaluated with questions regarding current and prior smoking including ages started and stopped smoking regularly, number of cigarettes smoked per day (if current smoker), and number of cigarettes smoked per day when smoking at heaviest. SHS exposure was ascertained by asking about childhood exposures, exposure in the home, exposure outside of the home, and exposure in the workplace. Assessment of smoke exposure included years of exposure and average hours per day that the participant had seen or smelled smoke in each environment.
Comparison of FAMRI participants with NHANES sample
Participants from the FAMRI questionnaire were compared with data publicly available from participants from the US National Health and Nutrition Examination Survey (NHANES) 2005-2006 examination [18] . NHANES questionnaires were administered by NHANES staff. The majority of NHANES questions were similar to FAMRI questionnaire questions (see Additional File 1). For determination of medical history, respondents were asked "Have you ever been told by a doctor or other health professional that you had" followed by the specific medical condition. For sinus problems, the NHANES question differed from FAMRI and asked "During the past 12 months, did a doctor or other health professional tell you that you have a sinus infection?" Questions regarding symptoms of chest pain and shortness of breath differed slightly in NHANES with questions of "Have you ever had any pain or discomfort in your chest?" and "Have you had shortness of breath either when hurrying on the level or walking up a slight hill?" Smoking history in NHANES was defined as at least 100 cigarettes in the participant's lifetime. An NHANES sample was generated by restricting the population to those who were female, over the age of 18, and with a high-school education or greater. The sample was frequency-matched for age and personal smoking history (i.e., previous smoker or not and current smoking status). Comparisons between FAMRI and NHANES participants were performed using the chi-square test, and the 2-sided Fisher-exact test for less prevalent conditions (Congestive Heart Failure and Emphysema/ Chronic Obstructive Pulmonary Disease).
Definition of pre-and post-ban service as a flight attendant
Number of years of flight attendant smoke exposure was quantified by defining pre-and post-ban service. Flight attendants recorded the starting and ending month and year of service and reported whether the majority of their flight routes were domestic or international. For flight attendants who flew domestically, April 23, 1988 was defined as the date before which flight attendants had in-flight smoke exposure, since this was the date smoking bans went into effect for the majority of US domestic routes. For flight attendants who flew internationally, January 1, 1995 was used as the date before which flight attendants had in-flight smoke exposure, since this was the date of the first US airlines to ban smoking on international flights. Consideration was not made for cabin chamber worked (i.e., first class, coach), as this has not been demonstrated to have a significant effect on SHS exposure amongst flight attendants [12] .
Association of reported medical conditions with service as a flight attendant
Logistic regression analysis was used to examine the association of reported medical conditions and pre-ban years of exposure. Analysis was restricted to flight attendants who reported having never smoked (n = 235). Odds ratios (OR) of reported medical conditions (yes/no) for each decade (10-year increase) in years of pre-ban service were estimated. This duration of service was selected since most respondents were career flight attendants. OR were ageadjusted if particular medical conditions were associated with age (e.g., hypertension). OR of reported medical conditions for each per-decade increase in post-ban years and total years as a flight attendant were also estimated.
Association of nasal congestion, throat or eye irritation (ENT) with service as a flight attendant
A subset of the 362 participants (n = 328) reported frequency of nasal congestion, throat or eye irritation (ENT symptoms). Multinomial logistic regression was used to examine the association of ENT symptoms and pre-ban years of exposure. OR of the associations between differing levels of ENT symptom frequency (daily, weekly/ monthly, and less than monthly) vs. no symptoms, for every decade of pre-ban exposure, were obtained. Analysis was restricted to participants who reported ENT symptom frequency among those who reported having never smoked (n = 226 of 235). Based on availability of data where participants reported their non-occupational SHS exposure, models were adjusted for age, living with a smoker as an adult (n reporting any answer to this questionnaire item = 218 of 226), living with a smoker as a child (n = 197 of 226), and maternal exposure during pregnancy (n = 187 of 226). Additionally, analyses were performed to assess the associations of reported medical conditions and ENT symptom frequency with post-ban years and total years as a flight attendant.
Analyses were carried out with SAS version 9.1.3 and Stata version 7. Figures were created using R-software version 2.4.1.
Results
Three hundred sixty-two flight attendants participated in the FAMRI questionnaire. Mean age amongst participants was 58.2 (interquartile range (IQR) 53-65). Amongst FAMRI participants, 116 (33.0%) had a personal history of smoking (>100 cigarettes in lifetime). Three hundred fourteen participants worked full-time in the pre-smoking ban era (median 16.9 years, IQR 9.0-23.8 years) with 8 participants working part-time in the pre-ban era (median 4.7 years, IQR 3.4-5.5 years). Two hundred eighty-two participants worked full time in the post-smoking ban era (median 14.1 years, IQR 9.2-15.2 years) with 19 participants working part-time (median 5.7 years, IQR 1.4-10.1 years). Of the participants, 76 worked exclusively in the pre-ban era, 46 worked exclusively post-ban, and 240 worked in both eras.
Comparison of FAMRI participants with NHANES sample
Compared to an age and smoking history matched sample from NHANES 2005-2006 (Table 1) , FAMRI participants had lower prevalence of high blood pressure, diabetes, high cholesterol, heart failure, cancer, thyroid disease, and chest pain. There was no statistically significant difference between NHANES and FAMRI participants for ischemic heart disease, asthma, sleep apnea, breast cancer, and shortness of breath. However, FAMRI participants had significantly increased prevalence of chronic bronchitis, emphysema/chronic obstructive pulmonary disease (COPD), and sinus problems.
Association of reported medical conditions with service as a flight attendant
Associations of medical conditions and per-decade increase in pre-smoking ban service as a flight attendant (Table 2) were determined in participants without a personal history of smoking (N = 235). Conditions associated with age (high blood pressure, high cholesterol, chronic bronchitis, chest pain, and shortness of breath) were adjusted for age. There was no significant difference in the odds of high blood pressure, high cholesterol, asthma, chronic bronchitis, sinus problems, ear infections, shortness of breath or chest pain with respect to duration of pre-smoking ban service.
Analyses did not show significant associations of reported medical conditions with per-decade increase in post-ban years or total years as a flight attendant. However, there was a non-significant trend of increased sinus problems and ear infections, respectively, with total years of service (Table 3) .
Association of nasal congestion, throat or eye irritation (ENT) with service as a flight attendant
Three hundred twenty-eight of three hundred sixty-two FAMRI participants described frequency of symptoms of nasal congestion, throat or eye irritation (ENT) not related to a cold or hay fever. Of these respondents, 71 (21.6%) reported daily symptoms, 62 (18.9%) reported weekly or monthly symptoms, 93 (28.4%) reported less than monthly symptoms, and 102 (31.1%) reported never experiencing symptoms (Table 1) . A similar distribution of ENT symptom frequency occurred for those participants who reported never having smoked. Analysis of symptom frequency amongst flight attendants reporting no personal history of smoking revealed a significantly higher risk of daily symptoms vs. no symptoms per decade of pre-ban service (OR 2.14, 95% CI Each medical condition represents a lifetime history of diagnosis of that condition, without reference to current vs. past conditions. Chi-square test was performed for comparisons between groups, with the exception of the conditions marked with (**) which were compared using the two-sided Fisher exact test. ( †) Percentages of frequency of nasal congestion, throat or eye irritation were determined using the total number of subjects responding to the question N = 328.
Beatty et al. Environmental Health 2011, 10:81 http://www.ehjournal.net/content/10/1/81
1.41 -3.24) (Figure 1 ). There was no association between greater frequency of symptoms and years of post-ban service or total years of service. Adjustment for age, living with a smoker as an adult, and living with a smoker as a child did not attenuate this association. Adjustment for maternal exposure to smoke during pregnancy slightly attenuated the association (OR 1.65, 95% CI 0.90-3.02).
Discussion
This questionnaire-based study of flight attendant occupational SHS exposure and medical illnesses provides several observations about the overall health of flight attendants and the relationship between illness and SHS exposure as a flight attendant. Compared with an age and smoking history matched population sample from NHANES 2005-2006, flight attendants are generally healthier than the US population with respect to most common illnesses. However, for many respiratory illnesses including chronic bronchitis, emphysema/COPD, and sinus problems, flight attendants exposed to SHS have an increased prevalence of disease. This suggests that exposures related to being a flight attendant may promote the development of respiratory illness. We did not find that years of pre-smoking ban service as a flight attendant were associated with the presence of common medical illnesses. However, frequency of symptoms of nasal congestion, throat or eye irritation was associated with years of pre-smoking ban service as a flight attendant. This association was not present for post-smoking ban years of service or total years of service, suggesting that SHS exposure during the pre-smoking ban era may explain the increased frequency of symptoms of nasal congestion, throat or eye irritation. A previous questionnaire-based study of flight attendants by Ebbert et al [13] revealed high rates of COPD, sinusitis, allergies, bronchitis, ear infections, and asthma, but did not offer a referent comparison to the general population. Additionally, they found that sinusitis, middle ear infections, and asthma were related to hours in a smoky cabin. Our results further confirm their finding that flight attendants experience higher rates of respiratory illnesses and experience greater upper respiratory symptoms related to SHS exposure.
COPD has previously been associated with SHS exposure in several populations [14, 19, 20] . Amongst neversmoking flight attendants with occupational exposure to SHS, pulmonary function testing has revealed evidence of airway obstruction and impaired diffusing capacity [14] . Similarly, our results confirm prior studies reporting increased rates of bronchitis related to SHS exposure [21, 22] . While several other investigations have reported an association of asthma with SHS exposure Table 3 Association between years of service as a flight attendant with sinus problems and ear infections Amongst FAMRI subjects without a personal history of smoking (N = 235), odds ratios of medical conditions per a 10-year increase in service as a flight attendant pre-smoking ban were determined using logistic regression. Conditions associated with age were age-adjusted.
[ [21] [22] [23] , not all have demonstrated increased rates of asthma [24] . Our findings that flight attendants experience increased risk of COPD and chronic bronchitis are consistent with these prior studies in populations with SHS exposure. In our study, we observed fewer cancers compared to the NHANES sample, but no statistically significant difference in rates of breast cancer between the two populations. Other studies of flight attendants have yielded conflicting results regarding rates of breast cancer. Some demonstrate increased rates of breast cancer after periods of 15 or more years after initiation of service as a flight attendant, despite consideration for some potential confounders including age and reproductive status [25, 26] . However, others have found that the risk of breast cancer amongst flight attendants is more associated with established risk factors for breast cancer than exposure to in flight radiation or SHS exposure [27] .
Among the most common symptoms reported by flight attendants are those related to upper respiratory illness, including sinusitis, ear infections, nasal congestion, and throat or eye irritation [10] . We found a significant increase in frequency of nasal congestion, throat or eye irritation symptoms associated with duration of time as a flight attendant in the pre-smoking ban era. This finding is consistent with previous findings of increased risk of upper respiratory symptoms related to SHS exposure in general populations [28] [29] [30] [31] [32] and amongst flight attendants [13, 24, 33, 34] . SHS is capable of inducing changes in the nasal mucosa by inducing biofilm formation, which may alter the nasal flora and perpetuate illness [35] . However, after the airline smoking ban took effect, a significant decrease in respirable particles and decrease in symptoms of ocular irritation amongst flight attendants was observed [11] . Given the consistent finding that symptoms of upper respiratory illness are associated with SHS exposure, further formal investigation is warranted to determine the mechanisms, chronicity, and impact of these symptoms.
Due to the nature of this questionnaire-based study, several limitations exist. Participants were recruited via newsletters, brochures, newspaper, and internet advertisements. While respondents to these advertisements were likely flight attendants, it is not possible to formally assess who responded to the ads and participated in the web-survey. 70% of those who visited the website completed the survey. The results of the study may be affected by uncontrolled selection bias of those choosing to complete the questionnaire. Self-reporting bias may overestimate the true prevalence of certain medical conditions amongst participants. Compared to the questionnaire conducted by Ebbert et al [13] , the prevalence of disease within the FAMRI population is generally less frequent or similar to the prevalence of disease reported in their investigation, suggesting that bias may be slightly less than or equivalent to previous similar studies. Other sources of bias may also be present. Response rates were not 100% for each question, thus ascertainment of exposures and conditions is not complete. Data with regard to personal smoking history (i.e., age started smoking) and outside SHS exposure (e.g., years living with adult who smoked, years working in occupations where others smoked) were limited. Moreover, apart from the reported years of service aboard aircraft, the actual level of in-flight SHS exposure could not be quantified. The lack of complete responses for personal and SHS exposure limits the ability of this study to find and/or control for associations between SHS exposure and illnesses. SHS exposure determination was dependent upon responses from the questionnaire and may also be confounded by other occupational and residential exposures. With regard to comparison with other populations, the FAMRI population appears generally healthier than the NHANES population, which may be because the two populations differ with regard to numerous employment-related and socioeconomic factors. While we tried to account for some of these differences by restricting the NHANES sample to those with a high-school education or greater, we were not able to adjust for employment status or other variables with the currently available NHANES 2005-2006 data.
Additionally, the findings of increased rates of respiratory illnesses amongst flight attendants, lack of association of most illnesses with pre-smoking ban service as a flight attendant, and the non-significant trend towards increased sinus problems and ear infections related to total years of service as a flight attendant raises the possibility that some degree of upper respiratory symptoms amongst flight attendants may not necessarily be related to smoke exposure alone, but may relate to general occupational exposures related to the cabin environment. The air cabin environment includes a number of potential irritants other than tobacco smoke, including ozone [36] , cleaning agents [37] , volatile by-products of fuel and fuel combustion, pesticides, infectious agents, and other airborne allergens [38] . Data supporting the relationship between these agents and symptoms of respiratory illnesses are limited [38] .
Conclusions
Even though smoking has been banned from airline flights originating in the US, the effects of SHS exposure are still of interest to those flight attendants who withstood the SHS exposure and experience illness potentially related to their in-flight exposure. In addition, greater knowledge of the late effects of SHS exposure better equips health professionals to care for these individuals. Indeed, we have demonstrated that flight attendants experience increased rates of many respiratory illnesses compared to the general population, and some of the increased frequency of symptoms is related to SHS exposure. While flight attendants are no longer subject to in-flight SHS exposure, SHS exposure continues to affect individuals in other occupations and remains an area for research and advocacy.
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